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Longitudinal Density Monitor Longitudinal Density Monitor 

• LBL funded (FY2002-03) effort 
for:
– Instrument design and engineering
– Prototype building 
– Experimental runs at the ALS
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All-in-One ToolAll-in-One Tool

• Online measurement of bunch length and 
shape

• Bunch current – including nominally unfilled 
RF buckets (“ghost bunches”)

• Synchronous bunch position
• Fast: the results shown were accumulated 

in seconds/minutes
• Very wide dynamic range (104)
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SummarySummary

• Longitudinal Density Monitor overview
– what it does, how it does it

• The hardware
• Experimental runs at the ALS
• LHC specifications
• Future developments
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ConceptConcept
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Scanning the BunchScanning the Bunch
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Schematic (timing)Schematic (timing)
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LDM pros and consLDM pros and cons

• Fast sampling rate (laser cavity frequency)
• High dynamic range
• High time resolution (laser pulse length)
• Not limited to optical wavelengths
• Requires multi-turn sampling
• Requires synchrotron light
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LDM – Current SituationLDM – Current Situation

• Architecture – Different Boards
– #1 : Phase modulation Generator
– #2 : Phase Information Digitization
– #3 : PMT pulse digitization
– #4 : Delay generators/timing
– #5 : Digital Backend (Storage and 

USB)
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Electronics - I.Electronics - I.

Mother Board with 
71MHz clock board

USB Control and 
histogram/average 
is fully operational
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Electronics - II.Electronics - II.

DAC Analog board for 
laser phase offset 

modulation

Track and Hold board with self 
trigger for PMT pulse detection 

(only one bit is used in single photon 
counting mode)

Actual Laser phase 
offset digitization board
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Tests at the ALSTests at the ALS

Bucket spacing 2 ns

Bunch width ~50 ps

“Camshaft” pulse

328 RF buckets
276+1 filled

Gap

(LHC parameters)

(2808/35640)

(280-620 ps)

(2.5 ns)
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Experimental setupExperimental setup
• In Beamline 5.3.1 using existing fs laser
• Laser repetition frequency is 71 MHz (1/7 ALS frequency)
• Scan bunches in groups of 7, then shift 1 bunch 

(0, 7, 14...; 1, 8, 15...; ... ; 6, 13, 20...)

Electronics, DAQ + Software
• Histograms the signal from each bunch
• Drives mirror with programmable displacement
• Profiles the mirror displacement (for bin position in time)
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Experimental SetupExperimental Setup

First data (Peak Height 
distribution)Electronics Setup
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Online ResultsOnline Results

Camshaft 
followed by a 
gap and then the 
standard 
bunches.
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ALS Bunch Profile in TimeALS Bunch Profile in Time
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Zoom in...Zoom in...
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Compress Scale...Compress Scale...
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Large dynamic rangeLarge dynamic range
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Synchronous Phase TransientsSynchronous Phase Transients
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Synchronous Phase TransientsSynchronous Phase Transients
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Bunch LengthBunch Length
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Zoom – I.Zoom – I.
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Zoom – II.Zoom – II.
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A Longitudinal Monitor for LHCA Longitudinal Monitor for LHC

• 450 GeV - 7 TeV
• Untrapped beam fraction
• Protons in the abort gap
• Longitudinal bunch tails
• “Ghost bunch” population
• Etc.



S. De Santis   “Development of a Longitudinal Density Monitor for Storage Rings” - LARP Meeting 9/17/2003

LHC Applications of LDMLHC Applications of LDM

• Bunch core measurement (std. mode)
• Tails and “ghost bunches” (HS mode)

• 10 W laser @ 1064 nm
• Laser pulse period: 25 ns
• Laser pulse length: 50 ps
• LHC length: 88.9 µs
• Photons/bunch/turn: 10’s (102 gain @ 450 nm) at 

full current
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Bunch core measurementBunch core measurement

• Measure bunch population at ±2σ with 1% 
accuracy in a time short compared to the 
synchrotron period (~42 ms @ 7 TeV)

• 22 bins required (50 ps x 22 ˜ ±2σ).
• Time required to map the core once: 22 turns ̃  2 ms

– Mirror specifications - R&D required.
• Expected population: 2·108- 2·106 p/ps.
• Accuracy: 0.5-5.5%
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Tails and “ghost bunches” measurementTails and “ghost bunches” measurement

• Measure bunch populations as small as 2·104

p/ps all around the ring (causing background 
in experiments) with ~50% accuracy. 

• Entire ring is mapped in 50 ps slices. Minimum number of 
turns: 500 (3556 slices/turn).

• At 7 TeV, (2±0.8)·104 p/ps give 3.2 ±1.8 counts in a 50 ps 
slice.

• 1000 turns (< 100 ms) are required for the 50% accuracy as 
per specs.

LDM is the ideal instrument...
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Future developmentsFuture developments

• Use a standard data acquisition  board 
from National Instruments, running 
LabView/C++.

• Clocking on storage ring orbit clock.
• Design optimization for LHC operations 

(40 MHz, proportional mode) 
• Engineering of laser system and optical 

layout.
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DAQ PCI6534 National InstrumentsDAQ PCI6534 National Instruments

• Standard DAQ Board
• Function Library Labview, C/C++ compatible
• Quad 8-bit I/O board,  DMA transfer rates up to  

20MHz (8, 16 or 32-bit)
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ConclusionsConclusions

• The LDM works !
• No major physics issues to be solved

Still required:

• Board redesign for reliability improvement
• Integration of laser system
• Optimization for LHC operations
• Additional funding


